Background: Previous studies suggest that high risk and low birthweight babies have better outcomes if born in hospitals with level III neonatal intensive care units. Relations between obstetric care, particularly intrapartum interventions and perinatal outcomes, are less well understood, however. Objective: To investigate effects of obstetric, paediatric, and demographic factors on rates of hospital stillbirths and neonatal mortality. Methods: Cross sectional data on all 65 maternity units in all Thames Regions, 1994Regions, -1996, covering 540 834 live births and stillbirths. Hospital level analyses investigated associations between staffing rates (consultant/junior paediatricians, consultant/junior obstetricians, midwives), facilities (consultant obstetrician/anaesthetist sessions, delivery beds, special care baby unit, neonatal intensive care unit cots, etc), interventions (vaginal births, caesarean sections, forceps, epidurals, inductions, general anaesthetic), parental data (parity, maternal age, social class, deprivation, multiple births), and birthweight standardised stillbirth rates and neonatal mortality. Results: Unifactorial analyses showed consistent negative associations between measures of obstetric intervention and stillbirth rates. Some measures of staffing, facilities, and parental data also showed significant associations. Scores for interventional, organisational, and parental variables were derived for multifactorial analysis to overcome the statistical problems caused by high intercorrelations between variables. A higher intervention score and higher number of consultant obstetricians per 1000 births were both independently and significantly associated with lower stillbirth rates. Organisational and parental factors were not significant after adjustment. Only Townsend deprivation score was significantly associated with neonatal mortality (positive correlation). Conclusions: Birthweight adjusted stillbirth rates were significantly lower in units that took a more interventionalist approach and in those with higher levels of consultant obstetric staffing. There were no apparent associations between neonatal death rates and the hospital factors measured here.
Background: Previous studies suggest that high risk and low birthweight babies have better outcomes if born in hospitals with level III neonatal intensive care units. Relations between obstetric care, particularly intrapartum interventions and perinatal outcomes, are less well understood, however. Objective: To investigate effects of obstetric, paediatric, and demographic factors on rates of hospital stillbirths and neonatal mortality. Methods: Cross sectional data on all 65 maternity units in all Thames Regions, 1994-1996, covering 540 834 live births and stillbirths. Hospital level analyses investigated associations between staffing rates (consultant/junior paediatricians, consultant/junior obstetricians, midwives), facilities (consultant obstetrician/anaesthetist sessions, delivery beds, special care baby unit, neonatal intensive care unit cots, etc), interventions (vaginal births, caesarean sections, forceps, epidurals, inductions, general anaesthetic), parental data (parity, maternal age, social class, deprivation, multiple births), and birthweight standardised stillbirth rates and neonatal mortality. Results: Unifactorial analyses showed consistent negative associations between measures of obstetric intervention and stillbirth rates. Some measures of staffing, facilities, and parental data also showed significant associations. Scores for interventional, organisational, and parental variables were derived for multifactorial analysis to overcome the statistical problems caused by high intercorrelations between variables. A higher intervention score and higher number of consultant obstetricians per 1000 births were both independently and significantly associated with lower stillbirth rates. Organisational and parental factors were not significant after adjustment. Only Townsend deprivation score was significantly associated with neonatal mortality (positive correlation). Conclusions: Birthweight adjusted stillbirth rates were significantly lower in units that took a more interventionalist approach and in those with higher levels of consultant obstetric staffing. There were no apparent associations between neonatal death rates and the hospital factors measured here. S everal factors are potentially responsible for variations in hospital stillbirth rates and neonatal mortality in developed countries, including case mix of births and quality of care.
The link between clinical risk of the baby and its outcomes 1 2 is well known. However, there is limited research on the possible relation between hospital obstetric (particularly intrapartum) practice and extended perinatal outcomes. [3] [4] [5] [6] [7] [8] [9] More is known about the links between paediatric neonatal care and mortality. These studies suggest that infants from high risk and low birthweight births are less likely to die if born in more specialised units and that in utero transfers are safer than ex utero. [10] [11] [12] [13] [14] [15] [16] [17] Although the link between perinatal outcomes and factors such as deprivation and maternal age is also well known, 1 2 there is little research showing how such factors may affect the relation between obstetric and paediatric care and stillbirth rates and neonatal mortality. This study investigates the effects and interrelationships of obstetric factors (staffing, organisation of departments, and intrapartum interventions), paediatric factors (neonatal intensive care units (NICUs), special care baby units (SCBUs), and staffing) and parental data on hospital stillbirth rates and neonatal mortality. 
Data and statistical methods
Four national and one regional data source were chosen. This was necessary to ensure accurate and complete data. The same data collection techniques were used for each of these sources at each hospital studied, to ensure comparability between units. The national data sources were Office for National Statistics (ONS) birth and death registrations, the 1991 Census, Royal College of Obstetricians and Gynaecologists (RCOG) hospital recognition returns, and Department of Health (DOH) data on hospital staffing levels. The regional data source was a survey of risk management practices in all Thames maternity units, performed in 1997 by the North Thames midwifery supervisor. All births in all Thames Regions hospitals (UK) in 1994-1996 were included in the study. ONS data were obtained for each of these live births and stillbirths and their linked neonatal death registrations.
These individual data from ONS were then linked to 1991 small area level Census data in an anonymous way. Townsend deprivation scores 18 were obtained for each birth from their enumeration district of residence, enabling the calculation of a mean deprivation score for each hospital population. Table 1 shows data available for each hospital and their source. Crude and birthweight standardised (500 g band) stillbirth rates and neonatal mortality were calculated for each hospital. Direct standardisation was not possible because of inadequate numbers of deaths in birthweight bands and so we used 500 g band indirect standardisation for birth weight as a proxy for case mix adjustment. This has been shown to be a reliable surrogate in the absence of more detailed clinical information on these births. 19 20 Birthweight specific mortality was also calculated. Intervention and facility and staffing rates were calculated from numerators and denominators (table 1) . RCOG numerators were used with RCOG denominators to maintain internal consistency.
Factors related to crude and standardised mortality were initially analysed using simple regression, t tests, and analysis of variance as appropriate. The variables under investigation were grouped into four types: those relating to facilities, interventions, staffing, and parental data. To disentangle the effects of these various factors, we used multiple regression analysis.
During analysis of the variables within the four groups described above, it became apparent that some variables within groups were highly intercorrelated making it difficult to disentangle them from each other. This was particularly true for the variables in the ''intervention'' group, where many were significantly related to the outcome and were highly intercorrelated. In other words it was impossible to identify individual factors that were more strongly associated with the outcome than others as they all appeared to be measuring a common effect. In such situations the statistical method, Principal Components Analysis, can be used. This method works by combining the variables within a group into scores that represent the common effect of those variables more concisely than the original variables were able to. The method of Principal Components typically produces one or two scores that summarise the overall effects of all the variables in the group. This statistical technique was used for each conceptual group, and thus led to one or two scores for the facilities, intervention, and parental data groups (only one variable was significant for staffing). These variables were used in multiple regression analyses in the four groups separately in the first instance. Variables that were significant in the four groups separately were then entered into a further multiple regression model where the least significant variables were eliminated in turn, in a stepwise fashion (backwards stepwise regression). This was repeated until all remaining variables were significant. To confirm the robustness of these results, we also performed different statistical analyses using a variety of techniques including forwards and backwards stepwise regression of all the variables and the same approach after regressions within conceptual groups. We also derived an arbitrary intervention score for each hospital. The results of these sensitivity analyses were all fully consistent with the results using multiple regression and the Principal Components Analysis described above (data not shown).
Distributional assumptions were tested using histograms and Normal plots and showed that no transformation of the data was required. SPSS and STATA were used for analysis.
RESULTS
ONS data were received for 540 834 births (3150 stillbirths and 537 684 live births, including 2088 neonatal deaths). This represented full cohorts for all 65 Thames hospitals. RCOG, staffing, and risk management data were also obtained for these hospitals. ONS, Census, and DOH staffing data were nearly 100% complete. RCOG returns for the years in question (1994, 1995/6, 1996/7) were 83%, 66%, and 86% complete respectively. However, only 5% failed to return for any year, making numerators and denominators available for 95%. RCOG returns were 94% complete. This was the most comprehensive data source on hospital interventions available for this area. The risk management survey had an 84% response, with complete data on all forms when returned.
During the period under study, some hospitals closed or merged. For unit closures, data are presented for the years available. For mergers, the newly merged unit is recorded as a new hospital-for example, Guy's and Thomas' are recorded separately in 1994, and as a combined unit in 1995 and 1996. One hospital (Cambridge Military) was excluded, as it closed in 1994, only registered a small number of births, no deaths, and had no RCOG or risk management returns. Figure 1 shows histograms of the crude and standardised stillbirth rates and neonatal mortality along with the very low birthweight (, 1500 g) rates. The crude death rates were positively skewed, but standardisation appeared to correct this and gave distributions that were reasonably symmetrical. The residuals did in fact follow an approximately Normal distribution, and so we did not transform the data for analysis.
The crude hospital stillbirth rates correlated positively with the crude hospital neonatal death rates (r = 0.752, p,0.001). Birth weight accounted for over 70% of the variability in crude death rates-that is, stillbirth rate and neonatal death rate combined (regression on mean birth weight, R 2 = 0.708, p,0.001; regression on proportion of births , 1500 g, R 2 = 0.752, p , 0.001; regression on proportion of births , 2500 g, R 2 = 0.719, p , 0.001). There were no significant effects of any hospital variable on standardised neonatal mortality. Of the parental variables, only Townsend deprivation score correlated positively (table 2). Many of the unifactorial analyses of standardised stillbirth rate were significant. In particular, there was strong consistency in the direction of the associations with intervention variables indicating a protective effect of intervention. Seven of the 12 results were significant. Of the staffing rates, only the number of obstetric consultants per 1000 births was significantly (negatively) related to stillbirth rates. Among the measures of facilities, there was a negative correlation between stillbirth rates and the number of NICU and SCBU cots. There was little evidence of any effect on either mortality or the measured risk management processes (table 3) .
The seven significant ''intervention'' type variables were reduced to two principal components, of which only the first was significantly related to stillbirth rates (table 4). The two significant ''facilities'' variables were reduced to one principal component, and the three ''parental'' variables reduced to two components, one of which appeared to summarise a social class effect and the other a multiple birth effect (table 4) . Thus the intervention score, facilities score, two parental scores, and the number of consultant obstetricians per 1000 births were analysed together. After a series of backwards removals of the least significant variable, only the intervention score and the number of consultant obstetricians per 1000 births remained significant, (table 5). The effect of the interventionalist approach was stronger than that of the consultant obstetrician rate, as shown by the change in stillbirth rate, which is equivalent to an interquartile range change in intervention score and consultant rate (table 5). The direction of these effects was the same as for the univariate analyses as before, suggesting a protective effect of obstetric interventions and of higher rates of consultant obstetricians.
DISCUSSION
This is to our knowledge the first study that sets out to determine the relation between intrapartum intervention rates and stillbirth and neonatal death rates after the adjustment for case mix. To investigate factors that are hospital related, such as facilities and staff available and the clinical approach of a unit, it was necessary to conduct the analyses at the hospital level. Data on individual births were therefore aggregated to provide detailed information at the hospital level. No other study design could have answered these questions, and we were fortunate to obtain access to data on a large population with such heterogeneity of obstetric and neonatal services. We found that the units with more interventionist approaches-that is, higher rates of obstetric intrapartum interventions-and those with higher levels of consultant obstetric staffing had lower stillbirth rates. The effect was much stronger for intrapartum interventions.
The findings of the analyses for standardised neonatal mortality were largely unremarkable on their own. The only significant factor was Townsend deprivation score, which would have been expected from the literature.
In contrast, the results for standardised stillbirth rate showed a clear pattern. Many of the significant results showed associations between various obstetric interventions and improved outcomes. The consistency of the relations, alongside the numbers of significant results and the large amounts of variability accounted for, suggests that these were not chance findings.
The statistical analysis of factors associated with stillbirth rates used Principal Components Analysis to overcome the inherent difficulty of disentangling the effects of several intercorrelated factors and to avoid an overfitted model. The findings of the multifactorial analyses were consistent with the unifactorial analyses, and therefore yielded no surprises. Further, the analyses of the data using other methods also showed the same results, indicating that these findings were not simply a product of a particular method of statistical analysis.
Despite the difficulty of disentangling the individual effects of the interventions, many of the associations appeared to be measuring the same effect. The effect observed appeared to be that of an association of the ''interventionist approach'' with improved outcomes. The association of worse outcomes with spontaneous vaginal delivery rates reflected the same effect, as did the non-significant positive correlations with vaginal birth and emergency-that is, unplanned-caesarean section rates for breech deliveries.
The only significant hospital related variable that was relevant postnatally was the number of NICU cots per 1000 births. It was non-significant for standardised neonatal mortality but it was significantly negatively correlated with standardised stillbirth rates-that is, protective. Obviously, this effect cannot be causal, as NICUs do not treat babies before birth. Moreover, clinical practice may tend to favour babies with poorer prognoses being referred to units with higher rates of NICU cots, therefore making our findings even more unexpected. This finding could reflect intercorrelations between interventionalist units and high rates of NICU cots. The effect was no longer significant after adjustment, indicating that this was not an independent effect of the neonatal unit.
The strong negative correlation with stillbirth rates and consultant obstetric staffing levels was not seen with other staffing levels (including midwives, paediatricians, and junior obstetricians). The finding may reflect the more experienced judgment that consultant obstetricians can offer on when it is best to intervene or not to intervene in an individual woman's pregnancy or labour. Therefore it is not surprising that this variable had an effect that was independent of intervention rates. This supports the commitment of RCOG to the principle of a consultant based workforce, with a greater commitment to emergency and on call duties. 21 However, the effect was less than that of obstetric interventions. There were no data available on neonatal nurse staffing levels, so we were unable to rule out an association with mortality and levels of this group of staff. Our findings are consistent with the UK Neonatal Staffing Study, 22 which found that risk adjusted neonatal mortality was related to nursing workload, but not to number of very low birthweight infants, paediatric consultant availability, or nursing provision.
The positive association of standardised stillbirth rates with factors representing ''social class'' could be expected from the literature. 23 The effects of social class on perinatal outcomes can be mediated either through fetal health or access to optimal care. Standardisation for birth weight would have removed much of the effects of fetal health. The fact that social class was not significant after adjustment may simply reflect the association between socioeconomic status and intervention rates mediated through patient demands and expectations. 8 24 25 In summary, the findings of this study indicate that both an interventionist obstetric approach and higher levels of consultant obstetric staff are associated with reductions in standardised stillbirth rates. Birth weight accounts for most of the variability in stillbirth rates and neonatal mortality. When this has been adjusted for, perinatal units with a more ''interventionist approach'' and higher levels of consultant obstetric staff are associated with better outcomes in the form of lower stillbirth rates. These effects were shown before and after adjustment for other possible predictive and confounding factors. There is support for these findings in the temporal relations, consistency, and the strength of the relations.
It is unclear if there is a particular time period when this approach may be most associated with better outcomes-for example, antenatal or intrapartum-but overall low thresholds for intervening and more availability of consultant staff appears protective. Further work is needed to confirm our findings and determine possible reasons for them.
